Knee osteoarthritis is a degenerative joint disease characterized by cartilage degeneration and hypertrophic lesions of the epiphyseal bone. It is a disabling condition that causes difficulties of locomotion and severe complications in case of inappropriate treatment. There is growing evidence proving the beneficial effects of using platelet-rich plasma (PRP) in the treatment of knee osteoarthritis. The aim of the present paper is to review the recent scientific literature on the treatment of knee osteoarthritis with plateletrich plasma presenting the current opinion on this subject. Methods: We analys several studies about PRP who were identified using online databases: EBSCO, ScienceDirect, Scopus and PubMed. Results: After the primary analysis we selected a total of 23 relevant studies. The analysis focused on different PRP administration techniques and methods used in knee osteoarthritis. Conclusions: PRP is most widely used in incipient and moderate symptomatic knee osteoarthritis. Most studies show a significant decrease in pain and significant improvement in joint functionality. These results were mostly obtained after a short follow-up period (6 months-1 year) and also this treatment has a small number of side effects.
Introduction
Osteoarthritis (OA) is the most common joint pain and a leading cause of chronic disability in people over 50 years old, with a huge socio-economic impact which turns it into a public health problem. The prevalence of knee OA is 9% in individuals older than 30 years andincreases 2 to 10-fold from age 30-65 years [1] . The pathogenesis of knee osteoarthritis is complex and includes degradation and repair processes of the cartilage and subchondral bone with synovial inflammation. Hence, OA affects the entire joint including cartilage, synovia, subchondral bone, ligaments and muscles. The exact causes are not fully known but several factors including mechanical stress, biochemical and genetic factors were identified. The hallmark of this process lies on the chondrocytes response to injuries by producing degradation enzymes and by developing inappropriate repair responses. Enzymes such as proteinases and proinflammatory cytokines are responsible for cartilage damage but also for other tears [2] . Most patients complain about pain and decreased range of motion (motion ROM) in the affected joint which can progress to full ankylosis and therefore can significantly impair the quality of life. According to the EULAR recommendations, optimal management requires both non-pharmacological and pharmacological management of pain [3] . Over time several studies were conducted on the benefits of oral and parenteral drugs in knee OA but the results were unsatisfactory. Nonsteroidal anti-inflammatory drugs, glucosamine, chondroitin-sulphate, hyaluronic acid (HA) and glucocorticoids have been proposed for pain reduction, mobility improvement, and disabilitybut the results were controversial. Recent studies have highlighted the importance of platelet-rich plasma (PRP) in tissue regeneration due to growth factors that are contained in platelets (alpha granules). Several experimental studies were conducted on PRP effects including the positive effects on cartilage, bone, synovia and ligaments [4] [5] [6] [7] [8] . Platelet-rich plasma (PRP) is a concentrate of plasma, rich in platelets that are obtained from centrifuged whole blood and therefore without red blood cells. There are four categories of PRP preparations based on the leukocyte and fibrin content: leukocyte reduced or pure PRP (P-PRP), leukocyte-rich PRP (L-PRP), leukocyte and plateletrich fibrin (L-PRF) and pure platelet-rich fibrin (P-PRF) [9] . The aim of the present paper is to review the recent scientific literature on the use of PRP intra-articular injections in knee osteoarthritis, to present the different administration techniques and methods.
Metods
Several studies were identified using the following online databases: EBSCO, ScienceDirect, Scopus and PubMed. Searches were limited to full-text Englishlanguage journal articles published between 2010 and 2017 using the following key words: platelet rich plasma, knee osteoarthritis, synovial fluid, proteins, muskuloskeletal ultrasound, MRI. Limits regarding language (i.e., English), age (i.e., adults), and humans were taken into account. Three reviewers screened abstracts and full-text articles and applied the eligibility criteria in order to identify studies that were appropriate for inclusion. A study was included if (a) the abstract was available, (b) it contained original data, (c) it used accepted classification criteria for knee osteoarthritis, (d) it discussed the use of PRP for intra-articular injections and its efficacy in the treatment of knee OA. Articles were excluded if they were case reports, if they discussed topics not related to knee OA, if they did not meet the inclusion criteria, if they had insufficient data, or if they had results that showed lack of statistical significance.
Search results
The collected literature focused on PRP and the use of PRP for intra-articular injections in knee osteoarthritis. After the primary analysis we selected a total of 23 relevant studies. The analysis focused on different PRP administration techniques and methods used in knee OA. Although the outcome measurements in these studies varied significantly, all of them used conventional pain, function and quality of life scales. Also, the volume of blood used for PRP preparations, methods of PRP preparations, presence of white blood cells, administration protocol of knee injections, and other functions varied significantly between studies.
Discussion
One of the most important uses of PRP injections is in early, symptomatic knee osteoarthritis (OA). A lot of studies have been carried out recently on the benefic effects of this type of treatment. Huang P.H. et al. [10] carried out a retrospective study on 127 patients (191 knee joints), in which they compared different injection methods for PRP (once a month, two times per month, and three injections at one month interval). Evaluation of results was carried out 12 months after the last PRP injection by using the following scales: VRS scale ("Visual Rating Scale"), ROM ("Range of Motion"), WOMAC score, IKDC score ("International Knee Documentation Committee"), and the functional score. After a 12 month follow-up period all the patients showed significant improvement in comparison to previous determinations. Statistically significant differences only appeared in the group that received three injections at one month interval. This group presented significant improvement in pain, functional score and WOMAC score. Although, all three treatment groups presented improvement of the studied parameters, the radiological exam after 12 months of PRP injections showed no significant changes in the OA Ahlback staging [10] . Hassan A.S. et al. [11] published a study that evaluated the effects of PRP injections in 20 patients diagnosed with primary osteoarthritis (OA). 5 ml PRP were injected monthly in each affected joint for 6 months in a row. The treatment response was evaluated at the end of the 6 month period using the IKDC score ("International Knee Documentation Committee"), VAS score (visual Analogue Scale for pain), and ultrasonography. The group concluded that: (a) synovial hypertrophy was reduced in 75% of the cases (confirmed by ultrasound); (b) joint pain (tenderness at the joint line) was significant reduced (p < 0.05); (c) ROM improved significantly; (d) IKDC score and VAS score improved significantly (p < 0.001) [11] . Another study carried out by Chen C. et al. evaluated the impact of PRP injections on incipient and moderate OA, associated with superolateral bursitis [12] .
The criteria included in this study were the following:
• The width of the superolateral bursa over 2 mm confirmed by musculoskeletal ultrasound.
• A history of intra-articular infiltration therapy of the knee or NSAIDs consumption without the reduction of the synovial fluid or of the pain.
• OA is the cause for the superolateral bursitis.
• Chronic pain and inflammation of the knee for at least 6 months.
• A communication between the superolateral bursa and the synovial space of the knee confirmed by ultrasound. After applying the inclusion criteria they selected a group of 24 patients. These patients received the PRP treatment as follows: 5 ml PRP in one injection/month for 3 months. The response to treatment was evaluated through the total protein concentration in the synovial fluid (µg/µl), measurement of the fluid quantity (ml), and through the functional index (LeQuesne). This evaluation was carried out after each injection, at 3 and at 6 months from the third injection. After the administration of 2 doses of PRP they observed a decrease in the total protein concentration, synovial fluid, and functionality index. The authors considered that a minimum of 2 PRP injections are needed for the treatment of minor to moderate OA with superolateral bursitis [12] . The PRP injections represents a relatively new way of treatment in osteoarthritis and degenerative lesions of the knee. It is considered to be a simple method, minimally invasive and with low costs that brings important advantages in the therapy of these pathologies [13] . Controversy still exists regarding the administration ways of PRP injections and regarding the optimal treatment protocol. Several clinical studies have proven a positive response after only one PRP injection [4] . On the other hand, Halpren B. et al. (cited by McCarrel T.M., et al.) have followed through clinical evaluation and MRI the effects of PRP injection on the progression of knee OA. [15, 16] . The results of this study showed a significant decrease in pain, appreciated through the VAS scale ("Visual Analogue Scale"), at 6 months and one year after therapy, as well as a significant increase in the WOMAC parameters, pain, rigidity, and ADL scores.
Concurrently, MRI showed no deterioration in the patelofemural OA in the majority of the patients, which suggests that the PRP treatment can play an important role in the treatment of primary OA. [15, 16] . However, the efficacy of PRP treatment in OA is not yet completely elucidated, a limitation being the fact that clinical studies carried out so far were in majority series of case reports, with a small number of patients, and that there are still very few reports of randomized controlled trials [17] . Hereafter, Çaliş H.T. et. al. [18] followed the effects of PRP therapy on pain, functional status and cartilage regeneration. Inclusion (chronic knee pain in the last year, daily chronic knee pain for the last month, VAS score > 5, degenerative OA stage 3 -4, unresponsive to NSAIDs treatment) and exclusion criteria were applied resulting in a group of 82 patients. These patients received three injections with 3 ml of PRP at one week interval. Evaluation of therapy effects were carried out at the beginning of the treatment, at 1 week, 2 weeks, and after this at 3 and 6 months. Pain was evaluated using the VAS score, functional status was evaluated using the WOMAC score, and cartilage regeneration by musculoskeletal ultrasound. This study showed significant improvement in all the followed parameters (p < 0.05) compared to starting values. Therefore, they concluded that using PRP injections as a treatment for OA is a minimally invasive method that is also safe and efficient even in the 3 -4 stages of OA. Among these studies we also found the study by Laudy A.B.M et al. [19] that carried out a systematic literature research regarding the applications of PRP in OA, using the most well-known data bases in the world, until June 2014, and selected a number of 371 articles. After applying their inclusion and exclusion criteria 14 full text articles were analyzed. The results of these papers showed a significant decrease in pain and an improvement in function when the results were compared with a placebo or with the hyaluronic acid injection [19] . Also, another review article by Zhu Y. et al. [20] concluded that applying PRP therapy in OA has promising short term results (1-2 years). However, there are certain limitations of this conclusion because most of the studies were not controlled randomized trials. Moreover, there are certain limitations given by the quality of the platelets used in the PRP concentrate that can have an influence on the action, as well as by the different methodologies used by each analyzed study and the different preparation methods for the PRP [20] . Short-term effects of the PRP therapy in knee osteoarthritis were studied by Saegusa A.W. et al. [21] in a prospective, longitudinal study on a group of 312 patients diagnosed with OA. There were 3 PRP injections administered at a 2 week interval. The VRS scale ("Visual Rating Scale"), the WOMAC score, the LeQuesne index and the SF-36 were used for the evaluation of the patients before and 6 months after the last injection. After a 6 month follow-up period all patients showed significant improvement (p < 0.0001) in comparison to previous values. The results of this study prove the efficacy of PRP therapy and assert choosing it as a first line treatment for knee osteoarthritis (OA). [21] . In another review study, De La Mata J. (22) concluded that the PRP method is a relatively new therapeutic tool, with good compliance among patients and good short-term efficacy that was proven in the literature, especially for knee osteoarthritis and epicondylitis. For these pathologies PRP is unanimously approved as therapy [22] . Ankle OA is also a possible use of PRP injections. In a retrospective study from 2017 Repetto I. et al. [23] followed the clinical results of 20 patients with ankle OA (with a mean age of 57.5), over a mean period of 17.7 months. PRP was administered through 4 injections of 3 ml, once a week, without using anesthetics. The results showed a significant improvement in joint functionality (evaluated through FADI-"Foot and Ankle Disability Index") and a significant decrease in local pain, evaluated by VAS ("Visual Analogue Scale"). Moreover, 80% of the patients were satisfied with the treatment and were capable of returning to previous levels of activity. However, although this study shows the benefits of PRP in ankle OA, it has some limitations, these being the retrospective character of the study, the small number of subjects, and the relatively short monitoring time (17.7 months) [23] .
Conclusions
• PRP is most widely used in incipient and moderate symptomatic OA of the knee.
• Regarding the administration protocol of PRP injections the most widely used is: 1 intraarticular injection/month for 3 months.
• Studies that have used this protocol obtained significant decrease in pain and significant improvement in joint functionality. These results were mostly obtained after a short follow-up period (6 months-1 year).
• Because the PRP is an autologous medication it has a small number of side effects.
• Further randomized controlled clinical trials are needed, with a bigger number of patients, in order to prove the efficacy of PRP treatment in osteoarthritis and other pathologies.
